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* INTRODUCTION

The Defense Communications Agency (DCA) has a requirement

to estimate operating and support (O&S) costs for communications

* systems. One of the uses of these O&S costs is for inclusion

in the Defense Communications System Five Year Program, which

is part of the Department of Defense Planning, Programming and

Budgeting System. Costs for this program are developed through
use of Cost Estimating Relationships (CERs). DCA has published

Circular 600-60-1. Cost ana Planning Factors Manual [1] which

contains the CERs used in developing operating and support cost

estimates f'or commuunications equipment. IDA was tasked to

review and update these CERs.

The contract required IDA to "review and update the means

for estimating communications system support costs." The effort

was confined to "provide the information required for a rewrite

of Section C and the Maintenance portions of Section D of the

Defense Communications Agency's Cost and Planning Factors Manual

(CPFM), DCAC 600-60-1."1 Therefore, the chapters of this paper

reflect the structure and the language of the existing DCAC

600-60-1 document [1]. The cost categories are those in DCAC

600-60-1 except for recommendations for new cost categories.

We have also utilized the definitions and terminology in the

DCA Circular except where we were aware that the data available

did not conform to those definitions.

We were specifically tasked to identify information on

ground-based strategic communications equipment. What we hoped

* to accomplish was to develop and verify cost factors for various

cost categories by generic equipment type such as radios, multi-

plexers, modems, etc. We were able to locate a few reports and

i x



some contract data; however, we were unable to accumulate suffi-

cient data to perform any extensive analyses. A pervasive prob-

lem with the reports containing Cost Estimating Relationships

(CERs) is that they rarely include basic data used in develop-

ing the CERs. Accordingly, data on costs of specific equipment,

quantities purchased, physical characteristics, etc. are scarce.

Therefore, we relied upon simple percentages of the Prime Mission

Equipment (PMvE) cost for guidance in developing cost factors.

This method eliminates the problem of normalizing all the dollars

into some constant year dollars; the resulting factors can be

used directly with the current (then-year) dollar costs of

future equipment.

In the course of our research we also identified several

studies now in progress and future data collection systems that

will allow accumulation of support cost data in the future.

In addition, we identified and have listed organizations and

their key personnel that are sources of information on cost

aspects of equipment used in the communications systems within

the Department of Defense.

x
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Chapter I

CONTRACTOR TRAINING COSTS'

In the area of contractor training costs we were unable

to identify any new cost factors for courses taught by the

contractors; however, we were able to acquire some cost factors

for initial training and training equipment. The Electronic

Systems Division's Cost Factor Study (1978) [23 recommends

using between 4 and 10 percent of the cost of the Prime Mission

Equipment (PME) for the cost of initial training equipment.

If computer programming (software) is not an integral element

of the PME, but a separate entity, then the factor must be

adjusted upward to reflect programming (software) training

costs. This range of percentages is higher than the data pro-

vided by the U.S. Army Communications Systems Agency [3,4,5].

For the AN/FRC-155-162 Series of Radios (1977), the training

equipment cost was one percent of the PME cost. For the TD 1193

Multiplexer (AN/FCC-99) and the digital microwave radio (1980),

the cost of the contractor training was 1.6 percent of the cost

of the PME. 2 The data on the AN/FCC-98 Multiplexer provided

0.4 percent of the PME cost for training equipment only; the

cost of instruction was still to be determined as of January

1981. The U.S. Army Communications Systems Agency's Cost

Analysis Handbook [6] dated September 1976 gives the costs of

several contracts. These contracts had the following percent-

ages of PME for training-related costs:

'This chapter corresponds to Chapter 16 of DCAC 600-60-1.
2Equipment = 0.8 percent + installation = 0.2 percent + instruction =
0.6 percent.

1
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European Wideband Communications System 68
training course (1969) 0.2 percent

DCS Microwave Radio (not Digital)
three-week course + tools and test
equipment to support the course (1973) 1.8 percent

Spanish Territorial Command Net
course + equipment and materials (19714) 3.1 percent

From these figures it is obvious that the percentage varies

with the content of the category identified as training. The

problem is that in most cases where the elements of the training

(i.e., equipment, instruction, and materials) have been combined,

the percentages for these elements can not be determined. As a

result, identifying a percentage for use is difficult, but the

range in the Electronic Systems Division (ESD) study appears

conservative compared to the actual costs we were able to locate.

Therefore, we would recommend using the low end (about 4 percent)

of the ESD range (4 to 10 percent) for planning purposes when

more detailed information is not available.

Recommendation:

Four percent of PME cost for contractor training.

When more information is available, such as number of sites,
skill level of the personnel to be trained, class duration, and

number of persons to be trained, it is recommended that the

current DCAC 600-60-1 procedures be followed.

It should be noted that some costs for training have not

been included here, but are included elsewhere. These costs

cover such items as:

(1) pay and allowances

(2) per diem

(3) transportation of people.

Also, as a general rule of thumb, the ESD uses a factor from the

Cost Analysis of the Combat Theater Communications Baseline,

Switching Subsystem and Communications Control dated 1974 [71,

2



for annual training costs (all elements) equal to approximately

one-third of the cost of the Initial training.
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* Chapter 11

TEST, PECULIAR, AND COMMON SUPPORT EQUIPMENT COSTS'

In this area the costs are often incomplete because the

cost of common support equipment is not included. We attempted

to collect simple cost factors and actual cost data for support

equipment for appropriate communications equipment. We were

moderately successful in this endeavor. One factor that is

changing the cost of support equipment is the expanding use of

large automatic testers with the capability to test many types

of equipment by changing the software in the tester. The

increasing use of Built-In Test Equipment (BITE) is also chang-

ing the types and quantities of support equipment. The Air

Force and Army treat test, peculiar, and common support equip-

ment costs differently; accordingly, they are discussed sepa-

rately below.

A. AIR FORCE

The cost factors and cost data we were able to collect are

* as follows: The ESD Cost Factor Study (1978) [2] recommends

using two percent of the PME RDT&E cost for the cost of develop-

ment peculiar support equipment; the range is one percent to two
percent. The ESD study does not include common support equip-

* ment. Since publication of this study, ESD is now using 9 per-
cent of PME acquisition cost for peculiar support equipment

acquisition. The Digital European Backbone (DEB), a current

'This chapter corresponds to Chapter 17 of DCAC 600-60-1.
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Air Force project, is allocating only 1.2 percent of the cost

of the PME annually for leasing test equipment (1981) [8].
This was the only cost for leasing of test equipment that was

found. If the Lease cost is converted to a purchase cost

assuming a 10-year life and a cost of capital of 10 percent,

then its equivalent purchase cost would be about 8 percent of

the PME cost.

The Air Force factors for common support equipment we

identified are from the Seek Score Cost Study of 15 September

1973 [91 which references AFLC. The study recommends the use

of 5.24 percent of the appropriate PME cost (for both Develop-

ment and Acquisition) for common support equipment costs.

These were the only Air Force data we located for common

support equipment.

Although the Air Force data are not robust, they indicate

that the factors presented in DOAC 600-60-1 may be somewhat

high. Since the Air Force data are more recent, we recommend

the use of the lower factors presented on page 8 for support

equipment for Air Force systems.

B. ARMY

In searching for cost data for Army equipment we noted

that the Army communications agencies do not use the terms
"Common" and "Peculiar" for support equipment; they use the

terms "test" or "tooling and test" equipment. These terms
include test, peculiar, and common support equipment.

We did not find any data for development costs for support

equipment. Therefore, our recommendation is to continue to

use the present DCAC 600-60-1 factors for Army development

costs.

The data we were able to locate on Army equipment were
for acquisition costs which vary because of the differences
in the programs. The AN/FCC-98 Multiplexer has only 0.2 percent

6



of the PME cost allocated to test equipment (1981) [5]. The

AN/FRC-155-162 series of radios has 3.2 percent of the PME

cost charged to test equipment (1977) [3]. These percentages

are less than the 10 percent recommended in U.S. Army Communica-

tions Systems Agency's Cost Analysis Handbook (1976) [6]. This

handbook notes that the percentage can be reduced when BITE is

used and this may be occurring. The actual data included in

the handbook provide the following percentages of PME cost:

European Wideband Communications System 68
(1969) 6.3 percent

European Wideband Communications System 69
(1969) 2.7 percent

Spanish Territorial Command Net (1974) 4.8 percent

Digital Subscriber Terminal Equipment
(1971) 3.4 percent

Foresight Sierra (1970) 6.2 percent

Indonesian Communications (1971) 18.9 percent

Average = 7.1 percent
Median = 5.5 percent

A Mitre Study (1975) [10] of satellite terminal costs

includes one additional data point. The U.S. Army Satellite

Communications Agency contracted with RCA to develop a family

of satellite terminals (TSQ-118, TSC-85(l), -85(2), -86, and

MSC-59) and the cost data in the Mitre Study include 6 percent
of the PME cost for test equipment for these terminals.

As can be seen from the above data the percentages vary;

however, the percentages usually are less than the 10 percent

as given in the previously referenced Army handbook [6]. The

average of the nine Army data points is 5.7 percent. Note that

the two most recent points are both less than this percentage

which may indicate the increasing use of BITE. Therefore, for

Army systems we would recommend using approximately 6 percent

of the acquisition PME cost for test, peculiar, and common

support equipment. The Army is involved in a study entitled

7



"Direct Support Automatic Test Support System" [11] . This

study includes collecting historical cost data on support

equipment; we recommend that DCA monitor this study as a

future source of data.

Recommendations:

Air Force Army

T Development Support Equipment as
Percent of PME Development Cost

* Comon upprt Euipmnt Use present
e~omon uppot Euipmnt DCAC 600-60-1

* Peculiar Support Equipment 2 fact ors

Acquisition Support Equipment as
Percent of PME Acquisition Cost

* Common Support Equipment 6
* Peculiar Support Equipment 9

We would like to note that as more information becomes

available the factors we have recommended may need modifica-

tion. For example, the factors might be raised due to:

(1) large scale depot card testers, both hardware and

software being required,

(2) large number of hot mockups required,

(3) location or the system; overseas or remote may
require additional support equipment,

(4) high system availability requiring extra support
equipment.

Similarly, the factors might be reduced due to:

(1) no hot mockup required,

(2) utilization of existing support equipment.

8



Chapter III

SYSTEM TEST AND EVALUATION'

In attempting to collect cost data on System Test and

* Evaluation a basic problem was identified. In several casesF the cost of the testing has been added to the cost of instal-
lation. This was true of the actual costs of several projects

included in the U.S. Army Communications System Agency's Cost
Analysis Handbook (1976) [6]

A. DEVELOPMENT

For the costs of System Test and Evaluation of develop-

ment programs, the ESD Cost Factor Study (1978) [21 recommends

using 18 percent of the PME development cost with a range of

18-25 percent. The data on the U.S. Army Satellite Communica-
tions Agency's Terminals for Special Ammunition Sites (1974)

'121 idctd1.5 percent of the PME development cost for

development System Test and Evaluation. The Seek Score Cost

Study (1978) [9] used 25 percent of the ?ME development cost

for development System Test and Evaluation. Based on these

data we recommend using the 18 percent found in the ESD Study
for development System Test and Evaluation.

B. ACQUISITION

The data we located for System Test and Evaluation costs in
the acquisition phase consist of two points. The AN/FRC-155-162

Series of Radios (1977) [3] used 10.8 percent of the PME

'This chapter corresponlds to Chapter 18 of DOAC 600-60-1.

9I



acquisition cost for System Test and Evaluation. The Seek

Score Cost Study (1978) [9] used 5 percent of the PME acquisi-

tion cost for acquisition System Test and Evaluation costs.

Based on the definition of the current factor in DCAC 600-60-1,
we would recommend using 5 percent of' the PME acquisition cost

for acquisition System Test and Evaluation costs.

Recommendations:

e 18 percent of the PME development cost for development

system test and evaluation.1 ~ a 5 percent of the PME acquisition cost for acquisition
system test and evaluation.

In addition, we would advise the user of these factors

to note that the factors we recommended may need modification

depending on such additional information as:

(1) The required location of the system test,

(2) The required availability and maintainability,

(3) In the development testing the number of prototypes
may reduce the duration of the system test by using
simultaneous testing,

(4) The state-of-the-art of the configuration, if not new,
may reduce the requirements for system tests in the
development phase.

100
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Chapter IV

SYSTEM/PROJECT MANAGEMENT'

The area of System/Project Management cost was one where

we did not find a documented cost factor in any costing manual.

The ESD Cost Factor Study (1978) [2] has a discussion of this

cost category which says that they were unable to determine

a simple relationship usable for estimating the cost of System/

Project Management. The author attributes this to two elements.

The first is that contractors' accounting systems allocate

these costs very differently. The second is that the defini-

tions/scope of this category also varies greatly between

projects. Therefore, ESD was unsuccessful in developing a

usable relationship.

The U.S. Army Communications Systems Agency's Cost Analysis

Handbook (1976) [6] does not have a cost category identified

such that it can be associated with System/Project Management.

Examining the actual costs for projects included in the hand-

book is also unproductive as most of them follow the cost for-

mat in the handbook. Given these problems, the following data

points that we were able to acquire should be judged in light

of the comments in the ESD study.

A. DEVELOPMENT

In the development cost for the U.S. Army Satellite Com-

munications Agency's Terminals for Special Ammunition Sites

(1974) [12], 3.2 percent of the PME development cost for System
'C
1This chapter corresponds to Chapter 19 of DCAC 600-60-1. ii

t
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Management was included for development. It also included 7.9

percent for Development Systems Engineering/Integration. This

is a problem since the DCA Circular 600-60-1 has Systems Engi-

neering included as part of the section--SYSTEM/PROJECT MANAGE-

MENT. However, Integration is included in the circular in

another chapter, INTEGRATION AND ASSEMBLY. Therefore, it would

be desirable to know how much was included for Integration, but

it is impossible to determine the amount for Integration from

the report. As a result, the 7.9 percent is high by an unknown

amount. The sum of the two percentages is 11.1 percent. We

also acquired the Seek Score Cost Study (1978) [9]. It con-

tains a factor of 20 percent of the PME development cost for

System/Project Management with the note that the percentage

has been reduced due to the "industry's prior history with

subject equipment." This was the only datum we acquired on

development System/Project Management. The existing DCAC

600-60-1 does not contain a factor for development System/

Project Management. We recommend that this area be investi-

gated further to develop a cost factor.

B. ACQUISITION

The cost datum we obtained for acquisition costs compar-

able to the current DCAC 600-60-i is as follows: The Seek

Score Cost Study (1978) [9] contains 20 percent of the PME

acquisition cost for acquisition System/Project Management

with the note that the percentage has been reduced due to

the "industry's prior history with subject equipment."

Another source is a Mitre Memorandum (1975) [10] which

includes cost data for satellite terminals. The first data

of interest are for a series of tactical satellite communica-

tions terminals built by RCA for the U.S. Army Satellite Com-

munications Command. For this family of terminals (TSQ-118,

TSC-85(l), -85(2), -86, and MSC-59), 6.1 percent of the PME

12
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acquisition cost was allocated for the Program Management.

Also in the memorandum are some acquisition data for the

FSC-78 terminal. These data include 11 percent of the PME

cost for "Management" with no further explanation.

*Comparing these percentages with the current DCA factors

of 10 percent of the PME acquisition cost for each of the

elements, Project Management and System Engineering, we would

recommend that these percentages continue to be used.

Recommendations:

* Further investigation required to develop factor for
development system/project management.

* 10O percent of PME acquisition cost for acquisition
system/project management.

1.



Chapter V

DATA - TECHNICAL SUPPORT DOCUMENTATION'

Data is an area where a major problem is to determine

what has been included and what has been excluded. The first

source we identified was the ESD Cost Factor Study (1978) [2].

It contains a cost category entitled "Data (Technical and

Management)" which includes "Technical manuals, technical

orders, and provisioning data, along with management data."

The recommended percentage of the PME cost is 10 percent with

a range of 8 to 12 percent.

For the Digital European Backbone System (1981) [8], the

Air Force is allocating 2.35 percent of the PME cost for Digital

Systems Operating Manuals and another 2.35 percent for "Data

(Fault Alarm, Restoral, Tech Control, etc.)" or a total of 4.7

percent of the PME cost. The Air Force's UHF Satellite Com-

munications Terminals and Associated Family of UHF Modular

Transceivers (1975) [13] provided 9 percent of the PME cost for

Data.

A Mitre Memorandum entitled Satellite Terminal Cost Data

Base (1975) [10] includes the following percentages of PME

cost for data:

TSQ-118, TSC-85(1), -85(2), -86, and MSC-59 4.0 percent

FSC-78 1.6 percent

These satellite terminals were procured under Army contracts.

'This chapter correspcmds to Chapter 20 of DCAC 600-60-1.

15



The U.S. Army Communications Systems Agency's Cost Analysis

Handbook (1976) [6] contains a section entitled "Documentation,"

which is defined as "all the paper required to support the equip-

ment or system in question--technical manuals, system manuals,

item descriptions, provisioning documentation, system engineer-

ing plan, maintainability and reliability plans, PERT, RPSTL's,

etc." The handbook also says, "It is risky to assign a single

factor for documentation." It then provides a list of projects

with the percentage for documentation of the contract hardware

cost (with and without modifications). These are the applicable

contracts:

Without With
Modifications Modifications

Contract (Percent) (Percent)

Automated Message Processing
System AMPS (Phase II) .14.1 6.2

Digital Subscriber Terminal
Equipment 3.0 1.9

Low Level Signaling Unit 9.8 10.5

MD-674 (MODEM) 2.4 2.2

EWCS-Original Contract 17.9 14.7

EWCS-69 27.2 27.2

EWCS-70 11.9 12.4

INDOCOM 8.1 8.1

ROKA Upgrade 5.1 7.7

European Wideband Communica-
tions System-68 (1969) 12.4

DCS Microwave Radio (not Digital)
(1975) 24.5

Foresight Sierra (1970) 6.7

The average percentage for documentation for the twelve systems

is 11.9 percent of the cost of the original contract hardware

without modifications.

16
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WIe obtained three other data points. The first is a per-

centage for a combined contract for the AN/FCC-99 Multiplexer

and the Digital Microwave Radio (1980) [14] . The form of the

cost elements does not allow us to separate the data costs

into two percentages, one for the multiplexer and another for

the radio; therefore we only have a combined percentage of 37.8

percent of the PME cost for the data. The ANIFCC-98 Multiplexer

(1981) [5] has only 4 percent of the PME cost for documentation.

And finally the AN/FRC-155-162 Series of Radios (1977) [3] has

16.4 percent of the PME cost allocated for Data.

In summary, the percentages have a range of 1.6 percent

to 37.8 percent of the PME cost. If the data are separated

by service, the ranges are: Army 1.6 percent to 37.8 percent;

Air Force 4.7 percent and 9.0 percent. The average of the two

Air Force points is 6.9 percent. This is less than the recom-

mended percentage (10 percent) in the ESD Study [2] . The

* average of the Army data (17 points) is 12.2 percent with a

standard deviation of 10.1 percent.

Although the average of 'the two Air Force points is only

6.9 percent, as a result of discussions with personnel knowl-

edgeable of the field, we recommend continued use of the 10

percent given in the ESD Cost Factor Study [2] for Air Force

projects. For Army projects we recommend approximately 12 per-

cent of the cost of the PME for the cost of Data. This is a

different approach from that of Chapter 20 of DCAC 600-60-1.

Both Air Force and Army factors are based on total PME cost,

whereas the DCAC 600-60-1 factors are based on first unit PME

cost. Since the service factors are more recent, we recommend

their use.

17



Rlecommendat ions:

" Air Force: 10 percent of' PME acquisition cost for
data - technical support documentation.

" Army: 12 percent of' PME acquisition cost for data-
technical support documentation.

18
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* Chapter VI

INITIAL SPARES AND REPAIR PARTS'

This cost category is one where what should be spent
versus what actually Is spent is a continuing problem. Our

objective was to attempt to collect actual cost data by equip-

ment type. For equipment acquired by the Army we were success-

ful in doing this. For Air Force equipment we were unable to

* locate sufficient data to identify different percentages for

various equipment types. We have accumulated data in two
forms. The first is for a specific type of equipment; the

second is for a specific system, which includes some combina-

tion of equipment types and quantities.

A. DEVELOPMENT

We only acquired two factors for initial spares for the
development phase. The Air Force Seek Score Cost Study (1978)

[9] uses 20 percent of the PME development cost for initial

development spares. The study says the factor was supplied by

AFLC. The U.S. Army Satellite Communications Agency's Terminals

for Special Ammunition Sites (1974) [12] had 34.2 percent of the

PME development cost for initial spares and repair parts.

*B. ACQUISITION

1. Air Force

The R'SD Cost Factors Study (1978) [2] has the cost of

initial spares broken out into three major categories plus

'This chapter corresponds to Chapter 22 of DCAC 600-60-1.
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an average for a system. These percentages of PME cost are

as follows:

Recommended Percent
Category Percent Range

Navigation and Surveillance 30 30-35

Communications 19 19-22

Computers 8 --

Average System Containing a
Combination of Equipment Types 23 23-35

We were also able to acquire the percentage for initial spares

being used for the Digital European Backbone System (DEBS) [8]

This percentage is 7.8 percent of the PME cost. These were

the only data located for Air Force equipment or projects;

therefore, our recommendation is that the ESD Study [2] per-

centages be used.

2. Army

We were more successful in acquiring data for the Army's

specific equipment types and systems. In two places system

data were found, where a system consists of some combination

of different types and quantities of equipment. The Cost

Estimating Handbook (Methods and Factors) (1980) [14] recommends

using 15 percent of the PME cost for initial spares for all

systems. The U.S. Army Communications Systems Agency's Cost

Analysis Handbook (1976) [61 contains actual cost data on
several systems. These systems had the following percentages

of PME cost for spares:

European Wideband Communications System-68
(1969) 29.2 percent

European Wideband Communications System-69
(1969) 28.6 percent

Digital Subscriber Terminal Equipment
(1971) 29.0 percent

20
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Foresight Sierra (1970) 19.7 percent

Indonesian Communications Systems
(1971) 15.5 percent

Average = 24.4 percent

For individual equipment types we collected two types of

data. The first were percentages for generic equipment types.

The U.S. Army Communications Systems Agency's Cost Analysis

Handbook (1976) [6] recommends the following percentages of

PME cost for these generic equipment types:

Radios 35 percent

Antennas, Towers Waveguides 10 percent

Multiplexer Equipment 25 percent

Teletype Equipment 20 percent

Technical Control 15 percent

Speech plus Terminal 15 percent

Generator Equipment 15 percentS
Batteries, Battery Chargers 10 percent

In discussions with the Communications Systems Agency [15]

they stated that currently the percentages being used are:

Radios 35 percent

Multiplexers 25 percent

Other Electronic Equipment 20 percent

The second type of data were for specific equipment. We

received two data points for radios. The U.S. Army Communica-

tions Systems Agency's Cost Analysis Handbook (1976) [6] con-

tains contract costs for the DCS Microwave Radio. These costs

include 35.3 percent of the PME for spares. In addition, we

acquired data for the AN/FRC-155-162 Series of Radios (1977)

[3] winich had a percentage of 28.3 percent of the PME cost

for spares. Both these figures are close to the recommended

percentage of 35 percent in the Cost Analysis Handbook

previously discussed.
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The U.S. Army Satellite Communications Agency provided us

spares cost as a percentage of PME for two multiplexers: the

TD1373 - 30 percent, and the ADT - 30 percent [161. The Com-

munications Systems Agency (CSA) provided an equivalent per-

centage for the AN/FCC-98 [5], but the figure is much lower--

10.7 percent of the PME cost. This is also lower than what

CSA says they are using (25 percent) and what their handbook

recommends (25 percent). We recommend using 25 percent of PME

cost for the cost of initial spares and repair parts for multi-

plexers.

We acquired four data points for satellite terminals.

They included the Mitre Memorandum (1975) [10], which includes

the family of terminals TSQ-118, TSC-85(l), -85(2), -86, and

MSC-59 with a percentage of the PME cost of 15 percent. The

last three points were provided by the Satellite Command in

a meeting at Fort Monmouth [16]: the AN/TSC-86 Satellite

Ground Station (terminal) - 18.5 percent; the AN/USC-28 Satel-

lite Communications Set - 30 percent; and the AN/GSC-39 Satel-

lite Communications Terminal - 14.4 percent. Note that the

TSC-86 is included in the Mitre study also, and the percentage

has increased from 15 to 18.5 percent. The average of the

four points is 19.0 percent. We would recommend using 20 per-

cent of the PME cost for initial spares and repair parts for

satellite terminals.

The percentages for actual equipment supplied by the

Satellite Communications Agency [16] for antennas are as

follows:

OE-2222 G/T 34 9.6 percent

Multiple Beam Torus 9.6 percent

AS 3199 10.0 percent

ADT Bandpass 30.0 percent

Except for the ADT Bandpass, the percentages all agree with the

10 percent recommended in the Communications Systems Agency's

22
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Cost Analysis Handbook [6] . Therefore we also recommend using

10 percent of the PME cost for the cost of initial spares for

antennas.

The three modems for which data were identified are the

I MD-1002 QPS - 25 percent; the GMF AJ Modem - 8.5 percent; and

the Non-Nodal Modem - 16 percent [16] . These percentages

were all supplied by the Satellite Communications Agency. The

Communications Systems Agency treats modems as other electronic

* equipment which uses 20 percent as the recommended percentage.

We recommend that 20 percent of PME cost be used for the cost

of initial spares and repair parts for other electronic equip-

ment including modems.

In addition, the Satel.-lite Communications Agency supplied

us with single data points for several other equipment types.

These are:

DCSS Rack 20.0 percent

Burst Error Coder 33.0 percent

Teletypewriter 30.0 percent

Remote 1/0 Unit 40.0 percent

Remote Clock 10.0 percent

Power Combiner 20.0 percent

AD? Link Power Control .0 percent

DSCS/GMF Control Link - 4 percent

*Supply and Maintenance Shelter 15.0 percent

Test Set TS3580 30.0 percent

Average * 25.8 percent

This average is close to the 20 percent for other electronic

equipment recommended by the Communications Systems Agency.
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Recommendations:

Initial Spares and Repair Parts
Equipment Type (as percent of PME cost)

Percent Percent Range

Air Force

* Navigation & Surveillance 30 30-35

* Communications 19 19-22

e Computers 8 -

* Complete System 23 23-35

* Multiplexers 25 -

* Satellite Terminals 20 -

* Antennas 10 -

* Other, Including Modems 20 -

All of the recommended percentages should be modified to

reflect any additional information available such as:

(1) Special system reliability and availability require-
ments,

(2) Site location requirements,

(3) The need for expedited delivery of certain spares.
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Chapter VII

TRANSPORTATION OF THINGS'

The first action we took in updating this section was to

determine if DODI 7510.4 (which is the reference for the factors

of Tables 24-8 and 24-9 in the DCA Circular 600-60-1) had been

revised. As of June 1981, DODI 7510.4 had not been updated

since the reference in the present circular.

The transportation cost factors in the U.S. Army Communica-
tions Systems Agency's Cost Analysis Handbook (1976) [6] are

the same as those in the DCA circular. However, the Cost

Estimating Handbook (Methods and Factors) (1980) [14] has two

Cost Estimating Relationships (CERs) that have been generated

by performing a regression analysis. Based on a study of the

transportation cost of 15 different items, including radios,

telephone sets, and shelters, the following CERs were developed:

C = -6568.93 + 0.031i6X1 + 1155.24 Ln

where

SC = cost in FY 78 $

X1 weight in pounds

X = distance in miles.
2

The coefficient of correlation of the regression analysis was
* 2R = 0.994; the Standard Error was 1529.58, and the F ratio

was 1040.48. The range of the sample was:

Weight - 3,667 to 2,576,000 lbs.

* Distance - 108 to 3,552 miles.

'This chapter corresponds to Section 3 of Chapter 24 of DCAC 600-60-i.
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The second equation uses only weight since the distance may

not be known in the planning stage.

C = 1091-34 + 0.013114x

where

C = cost in FY 78 $
X - weight in pounds.

The coefficient of correlation was R 2 = 0.988, the Standard

Error was 2116.25, and the F ratio was 1164.04.

When the required Information is available, we recommend

that the factors in the existing circular be used until a new

DODI 7510.4 is issued. The regression equations are to be used

when only approximations of' weight and distance to be shipped

are available.

Recommendation:7

Continue to use factors of DCAC 600-60-1.
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* Chapter VIII

DEPOT MAINTENANCE'

Depot Maintenance cost data for Communications-Electronic

* (C-E) equipment are not at present being collected in any con-

sistent manner. We found that the Army's data collection

system does not allow one to determine the depot costs. We

had no success in locating any studies that would allow assump-

S tions to be made about depot costs. This is because the Army's

system is designed to supply cost data for an organization

(such as a battalion) which contains many types of equipment.

Therefore, allocating costs to particular items is very diffi-

1 cult.

In the Air Force some raw data exist at the depots that

have not been automated or analyzed yet. As a result, we were

able to obtain only two data points that were generated at our

request as examples. To develop costs for a more extensive

sample was not possible since the Sacramento Air Logistic

Center, which has responsibility for C-E equipment, has no

formal requirement to collect and supply such cost data. When

the Visibility and Management of Operating and Support Costs

(VAMOSC) data collection system (discussed in Chapter XI) is

implemented, then these depot costs will be collected and be

* available via regular reports.

s 'This chapter corresponds to Section 3 of Chapter 26 of DOAC 600-60-1.
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II

The Depot Maintenance costs which we were able to acquire

are:

AN/GRR-23(V) low cost radio 6.5 percent of PME
based on three years of data cost per year

AN/FRC-39 and -39(V) high
cost radio based on five 0.9 percent of PME
years of data cost per year

These costs consist of 30 percent parts and 70 percent labor/

overhead [17]. We do not feel that these points are sufficient

to project depot costs for radios or any other type of equip-

ment. The development of appropriate factors must wait for

the development of planned data collection systems such as

the VAMOSC system. See Chapter XI for a discussion of future

data collection systems.

If the user has specific information available about the

technical and physical characteristics of the equipment, we

would recommend consulting the most current AFLC Pamphlet

173-10 [18] which contains specific depot factors such as

labor rates in dollars per hour and item management costs.

Re commendat ion:

Continue to use factors of DCAC 600-60-1.
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Chapter IX

CONTRACTOR MAINTENANCE COST'

In this chapter we will develop cost estimating relation-

* ships (CERs) for contractor maintenance cost for:

" Facsimile equipment

* Teleprinters

" Intelligent terminals

a Non-Intelligent terminals

" Communications processors.

The literature indicates that manufacturers often offer a

variety of maintenance contract options. Typical of those con-

tracts described as "standard" is a "standard maintenance

contract" covering Hewlett-Packard 26'40B terminals which pro-

vides for "on-call, prime shift maintenance with no charge for

* parts or labor."

The following data sources (current as of March 1981)2

were used:

* Auerbach Computer Techno Logy Reports
S * Auerbach Data WorLd

* Data Pro Reports.

The data analyzed for items within each category included

*purchase price, annual cost for a "standard" maintenance

contract, and data relating to selected operational and

'This chapter does not correspond to any current chapter of DCAC 600-60-1.
* 2These reports are compiled in loose-leaf notebooks and are continuously

updated by additions and deletions.
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physical characteristics for each equipment category. The

sets of selected parameters for each category are indicated

in Table 1.

Table 1. SELECTED PARAMETERS BY EQUIPMENT CATEGORY

No. of
Param-

Equipment Category eters Parameter List Units

Facsimile Equipment 2 * vertical resolution lines per inch vertical
- time required to transmit seconds

one 8-1/2" x 11" page

Teleprinters 2 o print speed characters per second (cps)
(Impact and Non-Impact) * data transmission rate bits per second (bps)

Intelligent Terminals 2 0 main memory capacity (max.) Kilobytes (KB)
. data transmission rate Kilobits per second (Kbps)

Non-intelligent 1 - data transmission rate bps
Terminals
Communications Processors 5 o number of half-duplex number of half-duplex

lines up to 1800 bps lines

e cycle length microseconds (usec)

*word length bits per word (bpw)
o data transmission rate Kbps
*main memory capacity KB

Two statistical techniques were applied, using computer

programs found in General Electric's StatisticaZ and Mathe-

maticai Programs, a user's guide for Mark II time-sharing

system users (revised edition, 1970). The two programs used

were MREG, which performs multiple linear regression analysis,

and MANDSD, which calculates the mean, variance, and standard

deviation for sets of individual values or frequency distribu-

tions. Tables 2 through 6 summarize the input data for these

analyses.
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Multiple linear regression analyses were performed on

the data, using the ratio annual contract maintenance cost

(then-year dollars)/purchase price (then-year dollars) as the

dependent variable. The program MREG was run with various

combinations of the selected parameters used as the indepen-

dent variables for each equipment category. For all cate-

gories but communications processors and facsimile equipment,

the resultant multiple correlation coefficients ranged from

0.13 to 0.38 (see Table 7) when all available parameters were

used as independent variables. With fewer independent vari-

ables, the multiple correlation coefficients were consistently

smaller.

Table 7. MULTIPLE LINEAR CORRELATION COEFFICIENTS
BY EQUIPMENT CATEGORY

Multiple
No. of No. of Linear
Obser- Independent Correlation

Equipment Category vations Variables Coefficient

Communications processors 10 5 .77
Facsimile equipment 18 2 .75
Non-impact teleprinters 6 2 .30

Impact teleprinter 26 2 .38

Intelligent terminals 30 2 .35
Non-intelligent terminals 30 1 .13

When the multiple linear regression analyses yielded

such disappointing results, a less sophisticated statistical

technique was applied which yielded more satisfactory results.

The program MANDSD was used to calculate the mean, standard

deviation and variance of the ratio annual contract mainte-

nance cost (then-year dollars)/equipment purchase price (then-

year dollars) for each equipment category. The results of

these analyses are shown in Table 8. The standard deviations
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Table 8. MAXIMUM LIKELIHOOD ESTIMATES OF POPULATION
PARAMETERS, BASED ON OBSERVED ANNUAL CONTRACT
MAINTENANCE COST/PURCHASE PRICE

Annual Contract Maintenance Cost
No. of ______Purchase Price ______

Obser- Standard Sample
Equipment Category vations Mean Deviation Variance

Commiunications processors 13 .0736 .0269 .00071

Facsimile equipment 18 .1269 .0592 .00350

VTeleprinters 30 .1225 .0273 .00074
Intelligent terminals 30 .0801 .0216 .00047

Non-intelligent terminals 30 .1094 .0322 .00104

and variances are sufficiently low for the mean value of the

ratio annual contract maintenance cost/purchase price to pro-

vide a tool for estimating contract maintenance costs of suffi-

cient accuracy for use in long-range planning.

For the categories of communications processors and fac-

simile equipment, where the multiple linear correlation coeffi-

cients were .77 and .75, respectively, a choice of estimating

tools exists. The mean of the ratio of annual contract mainte-

nance cost/purchase price would be simpler to use than the

regression equations, since only an estimate of the purchase
price is required to obtain a contract maintenance cost esti-

mate. Use of the regression equations, on the other hand, would

require specific knowledge about the selected parameters for

facsimile equipment or communications processors. Such specificI
knowledge may not be available in a long-range planning context.

* In summary, the tool that we recommend for estimating

annual contract maintenance costs is the mean of the ratio of

annual contract maintenance cost (then-year dollars)/purchase

price (then-year dollars), as found in Table 8. Calling this

* mean ratio M. and given an estimated purchase price p.

Estimated annual contract maintenance cost - Mp.
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Recommendations:

Annual Contractor Maintenance
Equipment Type Cost (as percent of PME Cost)

* Communications Processors 7

* Facsimile Equipment 13

o Teleprinters 12

* Intelligent Terminals 8
e Non-Intelligent Terminals 11

*Note that the factors we developed are based on "standard"
mainenance contracts; the factors should be modified if more

information is available. Such information might include:

(1) Site location in relation to the contractor's mainte-
nance facilities,

(2) Special requirements on contractor response time to a

reported problem.
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Chapter X

SOFTWARE'

t t

*This is a topic that currently is not discussed in the

existing DCA Circular 600-60-1. However, with the implementa-

tion of DoD Directive 5000.39, Acquisition and Management of

Integrated Logistic Support for Systems and Equipment (January

17, 1980) [19], there is a requirement to include in Integrated

* Logistic Support Cost estimates an element entitled "Computer

Resources Support." Therefore, we recommend that a new chapter

or section be added to the DCA Circular to at least discuss

this topic.

The basic problem that we encountered in our research into
this topic was that this is a new cost category. This means

that definitions and terminology are often conflicting and

unclear. As a result, consistent cost and technical data have

not been collected. The reports we were able to acquire gener-

ally assumed one of two possibilities: either extensive tech-

nical analyses are available to allow calculation of the number

of "lines of code" or "instructions"; or the number of "lines

of code" or "instructions" are already known.

Most of the reports we examined were primarily designed to

facilitate derivation of development and procurement costs for

* software. We did not find any reports that dealt extensively

with software maintenance. What we did find were preliminary

data that show "Update and Maintenance" as a percentage of the

total life cycle cost of the software. These data show "Update

'This chapter does not correspond to any current chapter of DCAC 600-60-1.
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and Maintenance" as a percentage of the total life cycle cost

of the software. These data show "Update and Maintenance" (for

a ten-year life) as 70 percent of the total life cycle cost,
according to the Software Cost Estimating Workshop (1980) [201

held at the Electronic Systems Division (Figures 1 and 2).

For software systems that have not yet been developed, mainte-

nance costs estimated as a percentage of total software costs

are subject to large error because the development costs them-

selves are difficult to estimate. Hence, the estimate of

maintenance costs results from the product of two other esti-

mates subject to large errors.

A U.S. Army Electronics Command Report ECOM-14535 (1977)

[213 assumes a cost factor "which places modifications and

retrofits to software at four to 'five times the cost of the

initial product." This is approximately twice the ESD cost

ratio of 2.3 to 1 for Update and Maintenance versus the cost

of the acquisition of the initial software (Figures 1 and 2).

Estimating the costs for Updates and Maintenance can be

approached reasonably by recognizing the separation and treat-

ment of Update and Maintenance as two distinct but related

efforts. The Update effort is comparable to the efforts and

tasks generally involved in software development. The Mainte-

nance effort is concerned with the general day-to-day opera-

tion and routine efforts that are relatable to the existing

programs.

For the Update effort, costs are derived by application

of the same models (e.g., Doty, Telecote, TRW, Barron, etc.

[21]) as are employed in software development for determining

sizing, schedule, manpower and cost. Figure 3 portrays the
distribution of the Software Maintenance Effort and is further

amplified by Figure 4. This chart identifies and enumerates

the specific tasks and the distribution of these tasks as per-

centages of the Total Maintenance Effort. Figure 5 details the
Update tasks and the distribution thereof.
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Figure 4. DISTRIBUTION OF SOFTWARE UPDATE AND
MAINTENANCE EFFORT
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Figure 5. DISTRIBUTION OF USER-ENHANCEMENT UPDATE EFFORT

ESD, as part of the Software Cost Estimating Workshop

(1980) [20], recommends using the following productivity and

labor rates:

Productivity Rates

1.4 Instructions per Man-day: Real Time Control Program

4.8 Intructions per Man-day: Non-real Time or Quasi-
real Time Program

8 to 16 Instructions per Man-day: Non-real Time using
higher order language
or data reduction or
simulation program

Average Cost for Software Labor ($78)

Direct Labor Cost = $22/hour

Supervisory Labor Cost = $29/hour

One Supervisor per Eleven Direct Workers
Engineering Overhead , 102% of Direct + Supervisory

Labor Cost
f General and Administrative - 16.5%

Fee - 15%
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Chapter XI

FUTURE DATA COLLECTION SYSTEMS

At present there are two data collection systems being

developed that will provide actual operating and support cost

data on Communications-Electronic (C-E) equipment. The Air

Force is developing the Visibility and Management of Operating

and Support Costs (VAMOSC) system. This system is scheduled

to produce reports in March 1982. Figures 6 through 11 are

taken from the VAMOSC Draft Users Manual [22] and are included

as samples of the type of cost data that will be available to

DCA. The VAMOSC system will provide integrated logistics

support cost reports on selected C-E equipment. These reports

will allow collection of cost data in a consistent form and

content from which to develop CERs and verify/update existing

DCA cost factors. The formats of the reports have been exam-

ined and will be useful to DCA analysts. The supporting docu-

mentation for the reports has been reviewed and several sugges-

tions made to the VAMOSC project office. As a part of this

process the critical design review for the system was attended.

At this meeting it was stressed that an important activity for

DCA is to identify those pieces of C-E equipment on which DCA

desires the Air Force to collect data. The VAMOSC office will

supply an initial list of equipment, but as new equipment is

fielded and DCA wants data on this equipment collected, the

Air Force must be notified.

The Army has a comparable system under development. It

Iis termed the Operating and Support Cost Management Information

System (O&SCMIS) [23]. The Army plans to begin generating
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reports some time in 1984. The report format that the Army is

developing (Figure 12) is different from that of the Air Force

and both are different from that provided in DODD 5000.39,

Acquisition and Management of Integrated Logistic Support for

Systems and Equipment. The Air Force has stated that the

VAMOSC User's Guide will provide a cross reference between the

cost categories in the DODD 5000.39 format and those in the

VAMOSC reports. At the present time, the Army does not have

such a cross reference, but it could be added at a future date.

Overall, these systems will provide DCA with consistent

cost data when they have been operational for several years.

Therefore, the development of the systems should be monitored

for their possible use for DCA data requirements.

The Navy has an existing data collection system for air-

craft--the NALCOMIS-O&S/VAMOSC-AIR Maintenance Subsystem

Report (1980) [24]. A similar system is being developed for

ships and is in the testing stage now. Any equipment that DCA

would probably be interested in would be included in the ship

data which are not available yet. There is no plan at the

present time to have a separate set of reports on communication-

electronic equipment.
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TMS __ _ _ _ _ _ _ _S RD _ _ _ _ _ _ _ _ _

NOMENCLATURE _________FY_________

QUANTITY__________

COSTS
(THOUSANDS OF DOLLARS)

Operating and Support Cost -TMS Total
Unit mission Personnel

Operations Personnel
Base Maintenance Personnel
Unit Administrative Personnel
Supply Support Personnel

Unit Level Consumption
Fuel
Maintenance Material
Util ities

Depot Level maintenance
Replacement Investment
installation Support
Base Operating Support
Real Property Maintenance
Communications

* Medical (Health Care)
Indirect Personnel Cost
Misc Operations and Maintenance (TDY)
Permanent Change of Station

Depot Non-Maintenance
Material Management (Incl. Procurement)

* material Distribution
Engineering Support (Contractor)
Transportation and Packaging

Advanced Training

Figure 6. C-E O&S COST REPORT
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XXX

AVERAGE
ACQUISITION REPLACEMENT ANNUAL

NSN SRD COST FACTOR INVENTORY

WHERE XXX - A TMS
ZZ - A FISCAL YEAR

Figure 7. BASIC DATA

XXX

ALLOCATED
RECOVERABLE AVERAGE DEPOT NORMALIZED

DEPOT MAINTENANCE PROGRAM ALLOCATION ANNUAL MAINTENANCE ALLOCATED
NSN QUANTITY COST FACTOR INVENTORY COSTS COSTS

I

WHERE XXX - A THS
22 - FISCAL YEAR TOTAL

Figure 8. ANNUAL DEPOT MAINTENANCE COSTS - FY ZZ
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XXx

NORMALIZED
ALLOCATED

DEPOT DEPOT BASE UNIT RECOV ALLOCATED REPLACEMENT
MAINT CONDEJMN CONDEMN REPLACEMENT ALLOC REPLACEMENT INVESTMENT

NSH QUANTITY QTY OTY COST FACTOR COST COST

I

f

WHERE XXX - A THS
ZZ A FISCAL YEAR

Figure 9. REPLACEMENT INVESTMENT COSTS - FY ZZ

xxx

ONE-WAY ROUND TRIP
PACKAGING PACKAGING NORMALIZED

RECOV AVERAGE UNPACKAGED ROUND AND AND ALLOCATED ALLOCATED
ALLOC ANNUAL WEIGHT ONE-WAY TRIP TRANSPORTATION TRANSPORTATION PKG AND PEG AND

NSN FACTOR INVENTORY (LBS) QUANTITY QUANTITY COSTS COSTS, TRANS COST TRANS COST

WHERE XXX - A TtS
ZZ - A FISCAL YEAR TOTAL

I

Figure 10. PACKAGING AND TRANSPORTATION COSTS FY ZZ
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TMS

TRANSPOR- BASE BASE TOTAL
DEPOT I Or REPLACEMENT I OF TATION & % OF MAINT I OF MAINT % OF LOGISTIC
MAINT TOTAL INVESTMENT TOTAL PACKAGING TOTAL LABOR TOTAL MATERIAL TOTAL SUPPORT

Fy COST COST COST COST, COST COST COST COST COST COST COST

Figure 11. NORMALIZED HISTORICAL ANNUAL LOGISTIC SUPPORT COST
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Chapter X11

SUMMARY

The intent of this papt2, was to develop new and revised

support cost factors for equipment that DCA is planning to

acquire and field in the future. In the process of attempting

to locate cost data for appropriate equipment, we found that

very little historical data exist for any communications equip-

$ ment. This is because at present there are no data collec-

tion systems for the data needed to develop support costs for

communications equipment. In some cases, however, special

studies have been done for specific items or systems, and we

were able to develop some O&S cost factors based on these data.

Cost factors were developed for the following cost elements:

(1) Contractor Training

(2) Test, Peculiar, and Common Support Equipment

(3) System Test and Evaluation

(14) System/Project Management

(5) Data-Technical Support Documentation

(6) Initial Spares and Repair Parts

(7) Transportation of Things

(8) Contractor Maintenance.

In addition, conditions that may cause increases or decreases
in the cost factors have been identified whenever possible.

We identified several data collection systems being imple-

mented by the services that will make possible the develop-

ment of better support cost CERs in the future. In order to

* make sure that the desired data are collected, DCA should
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identify to the services the specific items of equipment for

which data are desired. In parallel with this effort, corre-

sponding data on acquisition costs of these items of equipment,

quantities purchased, physical characteristics, etc., should

be collected from other sources so that CERs relating O&S costs

to these other equipment characteristics can be developed.

In examining the present cost categories in DCAC 600-60-1

C11 two cost categories are not included that we feel should be.

We recommend that a new chapter/section be included to discuss

contractor maintenance. We feel this is important because it

is a way of supplying maintenance that is increasingly being

examined and utilized. The second chapter/section should dis-

cuss software costing. Software is a large dollar item which

is receiving increasing visibility. It is also required as a

line item in Integrated Logistics Support Cost estimates covered

by DODD 5000.39 [19].

We recommend that DCA assist the user by expanding the

existing definitions to include more examples of external con-

ditions that affect the factors in the circular. These should

be for the user who has more information so he can adjust the

factor up or down based on his additional information.

Q
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